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Background: The gastrointestinal tract is a primary target for human immunodeficiency virus 
(HIV). HIV infection causes a depletion of CD4+ T-lymphocytes in gut-associated lymphoid 
tissue and affects gastrointestinal mucosal integrity and permeability. The gastrointestinal 
tract has also been suggested as the main reservoir of HIV despite highly active antiretroviral 
therapy (HAART). We performed a prospective case-control study to assess gut involvement 
in HIV-infected patients, either naive or on HAART, using noninvasive methods such as bowel 
ultrasound and fecal calprotectin. 

Methods: Thirty HIV-infected children and youth underwent the following tests: CD4+ T-cell 
count and HIV viral load, fecal calprotectin, and bowel ultrasound, with the latter evaluating 
bowel wall thickness and mesenteric lymph nodes. Fecal calprotectin and bowel ultrasound were 
also assessed in 30 healthy controls matched for age and sex. Fecal calprotectin was measured 
using a quantitative immunochromatographic point-of-care test, and concentrations ranging 
from 0 to 200 |J.g/g were considered to be normal reference values in children. 
Results: Fecal calprotectin was normal in 29 HIV-infected patients and was not significantly 
different from controls (mean values 63.8±42.5 [Ig/g and68.3±40.5 |J.g/g, respectively; P=0.419), 
and did not correlate with HIV viral load, CD4+ T-cell absolute count and percentage, or 
HAART treatment. No significant changes were found on bowel ultrasound except for enlarged 
mesenteric lymph nodes, which were observed in seven HIV-infected patients (23.3%) and two 
controls (6.6%). This finding was significantly correlated with high HIV viral load (P=0.001) 
and low CD4+ T-cell percentage (P=0.004). 

Conclusion: HIV-infected children did not have significant biochemical or ultrasonographic 
signs of bowel inflammation. A few patients showed enlarged mesenteric lymph nodes, which 
correlated with uncontrolled HIV infection. 

Keywords: children, human immunodeficiency virus, fecal calprotectin, bowel ultrasound 

Introduction 

The gastrointestinal tract is a primary target organ for human immunodeficiency virus 
(HIV).'^^ The virus predominantly replicates in CD4+T-cells in lymphoid tissues, and 
the gastrointestinal tract contains up to 70%-90% of all lymphocytes in the body.'~^ 
HIV infection causes a rapid and marked depletion of CD4+ T-lymphocytes in gut- 
associated lymphoid tissues, and alters mucosal integrity and intestinal permeability, 
even in the absence of opportunistic infections.'"^ Such damage may occur acutely 
after primary infection as well as chronically,^ and develops without changes in clini- 
cal or immunologic status. HIV itself, via virus-encoded proteins and host-derived 
molecules, can be the direct cause of such enteropathy,^"' manifesting as "frosted 
mucosa" in HIV-naive patients. Histopathologic alterations include villous blunting 
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and widening, vacuolated enterocytes, and increased inflam- 
matory cells in the lamina propria.'-^'* Even during therapy, 
gut-associated lymphoid tissues show increase levels of 
local inflammation and immune activation, probably due to 
incomplete viral suppression. 

Beyond being involved in HIV enteropathy, the gastro- 
intestinal tract is suggested to be the main reservoir of HIV 
despite highly active antiretroviral therapy (HAART).'-'" 
Studies in successfully treated simian immunodeficiency 
virus-infected rhesus macaques, the only suitable model 
for investigation, have suggested the gastrointestinal tract 
to be the largest viral reservoir""" Hoorike et al showed 
that lymphatic tissues act as the anatomic compartment for 
virus replication during antiretroviral therapy." Estaquier 
et al examined different lymphoid organs and found that 
the mesenteric ganglia may be the main reservoir of the 
virus. '^'^ 

Currently, it is possible to perform a noninvasive assess- 
ment of inflammation in the gut using fecal calprotectin and 
bowel ultrasound. High levels of fecal calprotectin, a calcium- 
binding and zinc -binding protein, abundant in neutrophils 
and found in monocytes/macrophages, correlate strongly 
with mucosal inflammation of the gut.^ '* '^ Recent studies 
have demonstrated a rise in fecal calprotectin in untreated 
HIV-infected children. Gori et al found high levels of fecal 
calprotectin in 27 of 53 HIV-naive patients,' and Hestvik et al 
showed a median fecal calprotectin concentration above the 
reference value in HIV-infected, HAART-naive children in 
Uganda. Bowel ultrasound is a well-established method for 
assessment of direct and indirect signs of gut inflammation, 
such as increased wall thickness, mesenteric hypertrophy, 
and enlarged mesenteric lymph nodes, in inflammatory 
bowel disease."" To the authors' knowledge, no study has 
used bowel ultrasound to evaluate gut involvement in HIV- 
infected children. 

To date, limited data are available on HIV gut enteropathy 
and no studies could be found that specifically investigated 
inflammatory changes in the gut in HIV-infected untreated 
and treated pediatric patients. Therefore, we performed a 
prospective case-control study aiming to assess gut involve- 
ment in HIV-infected pediatric patients, either naive or on 
HAART, using noninvasive methods, ie, fecal calprotectin 
and bowel ultrasound. 

Materials and methods 

This was a prospective case-control study performed in 
HAART-treated or HAART-naive children and youth 
with HIV infection. The study was approved by the ethics 



committee at L Sacco Hospital, and informed consent was 
obtained from the parents or legal guardians of the patients. 

Patients 

A series of consecutive unselected HIV-infected subjects 
(aged 16-260 months) regularly followed in the Infectious 
Disease Clinic at the Department of Paediatrics, L Sacco 
Hospital, a tertiary hospital in Milan, were enrolled from 
January to July 2012. Patients were included irrespective of 
the mode of HIV infection (vertical or horizontal), and of 
their treatment status (naive or on HAART). 

Patients with a relevant current or recent history of 
gastrointestinal symptoms (eg, abdominal pain, changes 
in bowel movements, bloating, or dyspepsia), concomitant 
opportunistic infections, or organic gastrointestinal disease 
(eg, celiac disease, food allergy) were excluded after appro- 
priate diagnostic workup, which included an accurate history 
and the following analyses: stool cultures for Salmonella, 
Shigella, and Campylobacter bacteria, search on feces for 
Rotavirus and Norovirus antigens, search for parasites, 
antiendomysial and antitransglutaminase antibody titers, and 
total immunoglobulin E antibodies. Thirty healthy subjects 
matched by age (+6 months) and sex were also enrolled as 
controls. 

Methods 

Eligible HIV-infected patients underwent tests for CD4+ 
T-cell count and HIV viral load on the same day. Both HIV- 
infected patients and controls underwent fecal calprotectin 
assessment and bowel ultrasound. 

CD4-I- T-cell count and HIV viral load 

Fresh blood samples were collected to measure CD4-I- 
T-cell absolute count and percentage using single-platform 
flow cytometry. Three directly labeled monoclonal anti- 
bodies in two different combinations were used (CD3/ 
CD19/CD16 and CD3/CD4/CD8). Fluorescence of leu- 
kocytes was measured using a Cytotron® absolute flow 
cytometer (Ortho Cytometry, Raritan, NJ, USA). Immu- 
nocount II software was used for analysis of the acquired 
data (UK National External Quality Assessment Service, 
Watford, UK). The laboratory of immune hematology 
took part in the UK National External Quality Assess- 
ment Service programs for standardization of immune 
phenotyping methods. HIV viral load was measured using 
Quantiplex (bDNA) assay version 3.0 with a lower limit 
of detection of 37 copies per mL (Bayer Diagnostics, 
Norwood, MA, USA). 
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Fecal cal protect! n 

A sample of feces for calprotectin assay was measured using 
a quantitative immunochromatographic point-of-care test 
(Buhlmann Laboratories AG, Schonenbuch, Switzerland). 
Stool specimens were analyzed after extraction using a com- 
mercial fecal sample preparation device (Roche Diagnostics 
GmbH, Mannheim, Germany). Fecal calprotectin was 
measured in fresh samples by the Quantum blue point-of- 
care test, which is a sandwich-type quantitative immuno- 
chromatographic test in which two monoclonal antibodies 
specifically bind to fecal calprotectin. The detection antibody 
is conjugated to gold colloids that appear on the test cartridge 
as a purple band with color intensity proportional to the 
calprotectin concentration. Signal intensities were measured 
by a dedicated reader using a lot-specific calibration curve 
to calculate calprotectin concentrations. The limit of detec- 
tion of the assay is 30 jig/g stool, and the linearity is up to 
300 jig/g stool. Fecal extracts showing values >300 |J,g/g 
stool were diluted with extraction up to 1 : 5, so that the upper 
limit value of the test was 1,500 |ig/g stool. Calprotectin 
concentrations in the range of 0-200 jlg/g were considered 
to be normal reference values for children.'* '^ 

Bowel ultrasound 

The same ultrasonographer (GM, with a mean bowel ultra- 
sound experience of >30,000 examinations, who performed 
a mean of 2,000 ultrasound examinations per year) performed 
the ultrasound scans. All examinations were performed on a 
Logos Hi-Vision C machine (Hitachi Medical Systems, Tokyo, 
Japan) using a broadband convex transducer (frequency 
3.5-5 mHz) for the first evaluation and then a microconvex 
transducer (frequency 4-8 mHz) for a detailed evaluation 
of the bowel, lymph nodes, and mesentery. The following 
ultrasound parameters were evaluated: bowel wall thickness 
(normal ^2 mm),'^ small bowel dilatation (normal <25 mm)," 
free fluid within the peritoneal cavity, enlarged mesenteric 
lymph nodes (short axis >8 mm),^" enlarged vermiform appen- 
dix (diameter >6 mm), and mesenteric hypertrophy (presence 
of hyperechoic area around thickened bowel wall >5 mm).^'-^^ 
All patients were examined in the morning after fasting for at 
least 6 hours with an empty or moderately replete bladder 

Statistical analysis 

Continuous variables were expressed as the mean and stan- 
dard deviation. The Mann-Whitney U test. Student's ?-test, 
and Fisher's exact test were used to compare continuous and 
categorical variables as appropriate. A P-value <0.05 was 
considered to be statistically significant. 



Results 

Thirty HIV patients were enrolled consecutively. None was 
excluded on the basis of a positive history for gastrointestinal 
symptoms or altered laboratory tests. The demographic and 
clinical characteristics of the HIV patients and controls are 
shown in Tables 1 and 2. Seven patients were not on antiret- 
roviral therapy; 23 patients were on HAART including two 
nucleoside analogue reverse transcriptase inhibitors in com- 
bination with either a protease inhibitor or a non-nucleoside 
reverse transcriptase inhibitor. 

In all HIV-infected patients, fecal calprotectin was normal 
(mean value 63.8+42.5 |J.g/g; upper normal value 200 |J.g/g) 
except in one, who had a calprotectin level of 205 |J.g/g. This 
child had an HIV-RNA of 892 copies per mL, a CD4+ T-cell 
absolute count of 440/mm', and a CD4+ T-cell percentage 
of 24.2%, and was not on HAART. Fecal calprotectin in 
the HIV patients was not significantly different from that in 
controls (mean value 68.3+40.5 |ig/g; P=0.419). 

Fecal calprotectin did not correlate significantly with 
HIV-RNA (P=0.704), CD4+T cell absolute count (P=0. 134) 
or percentage (P=0.994), or current HAART treatment 
(P=0.493). In subjects with an undetectable viral load 
(HIV RNA <37 copies per mL), fecal calprotectin was 
not significantly different from that in individuals with a 
higher viral load. Likewise, these patients did not differ with 
regard to mean CD4+ T-cell absolute count or percentage 
(Table 3). 

None of the HIV patients showed significant changes 
on bowel ultrasound, except for enlarged mesenteric lymph 
nodes found in seven patients (23.3%), mainly at the mes- 
enteric root, the right iliac fossa, and periappendicular 
area. Only two (6.6%) healthy subjects showed enlarged 



Table I Demographic and clinical features of HIV patients 



Characteristics 


Mean, SD 


Number (%) 


Age, months 


133, 5 




Females 




17 (56.7%) 


Ethnicity 






Caucasian 




23 (76.7%) 


African 




7 (23.3%) 


Age at diagnosis, months 


24, 3 




Children on HAART 




23 (76.6%) 


Exposure to HAART, months 


40.6, 47 




Children with HIV-RNA <37 cp/mL 




17 (56.6%) 


HIV-RNA in cp/mL 


7,629, 18,456 




CD4+ T-cell absolute count/mm' 


746.3, 443.8 




CD4+ T-cell % 


29.8, 8.7 




Abbreviations: HIV, human immunodefici 


iency virus; SD, 


standard deviation; 



HAART, highly active antiretroviral therapy. 
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Table 2 Demographic and clinical features of healthy controls 
Characteristics Mean, SD Number (%) 

Age, months 1 35, S 

Females 1 7 (56.7%) 

Ethnicity 

Caucasian 25 (83.3%) 

African 5(16.7%) 
Abbreviation: SD, standard deviation. 

lymph nodes. The lymph nodes had a normal structure and 
vascularization in all patients and controls. 

Patients with enlarged lymph nodes showed HIV- 
RNA levels significantly higher than those in patients 
without mesenteric lymph nodes (/'=0.001) and a lower 
CD4+ T-cell percentage (P=0.004, Table 4). However, the 
prevalence of enlarged lymph nodes in patients with a viral 
load >37 copies per mL was higher, but was not significantly 
different from that in those with an undetectable viral load 
(5/12 versus 2/18; P=0.084). No statistically significant cor- 
relation was found between the presence of enlarged lymph 
nodes and fecal calprotectin levels {P=0.92l) or CD4+ T-cell 
absolute count (P=0.564). An enlarged vermiform appendix 
was found in three patients, all of whom also had enlarged 
mesenteric lymph nodes and two of whom had an HIV viral 
load >37 copies per mL. 

Discussion 

As far as we are aware, this is the first study to investigate 
mucosal inflammation in pediatric HIV-infected patients, 
either naive or on HAART, using noninvasive tests including 
fecal calprotectin and bowel ultrasound. HIV-positive subjects, 
either with detectable or undetectable viral load, did not show a 
rise in fecal calprotectin or any signs of inflammation on bowel 
ultrasound. Further, no significant correlation with HAART 
was found. However, we did find enlarged lymph nodes in 23% 
of our patients, suggesting that the gastrointestinal tract may 
be a reservoir of HIV despite HAART and that mesenteric 
lymph nodes may be primarily involved in this process. 



Table 3 Comparison of HIV-infected patients on the basis of 
viral load 





HIV-RNA 


HIV-RNA 


P-value 




<37 cp/mL 


2:37 cp/mL 






(n=l8) 


(n=l2) 




Fecal calprotectin |ig/g 


63.2, 39.3 


65.3, 48.8 


0.884 


(mean, SD) 








CD4+ T-cell absolute 


798.8, 446. 1 


667.4, 447.5 


0.438 


count/mm' (mean, SD) 








CD4+ T-cell % (mean, SD) 


31.9, 6.4 


26.5, 10.8 


0.138 


Abbreviation: SD, standard deviation; HIV, human immunodeficiency 


virus. 



Table 4 Comparison between patients on the basis of lymph 
nodes size 

Lymph nodes Normal P-value 

>8 mm lymph nodes 

(n=23) 

Fecal calprotectin ()ig/g) 65.429, 48.442 63.348, 4 1 .8 1 8 0.92 1 
(mean, SD) 

HIV-RNA (cp/mL) 29.605,29.682 911,2.892 0.001 
(mean, SD) 

CD4+ T-cell absolute 659.00,655.81 772.83,373.04 0.564 
count/mm^ (mean, SD) 

CD4f T-cell % (mean, SD) 2 1 .87 1 , I 1 .072 32. 1 70, 6.437 0.004 
Abbreviation: SD, standard deviation. 

Our results differ from those of Gori et al who found high 
levels of fecal calprotectin in 27 of 53 HIV-naive patients, 
and from those of Hestvik et al who reported a median fecal 
calprotectin concentration above the reference value in HIV- 
infected HAART-nai've children in Uganda.' '^ Hestvik et al 
also demonstrated increased fecal calprotectin concentration 
in children with more advanced disease.'^ However, both of 
these studies considered only HIV HAART-naive patients, 
did not take into account whether their patients had symp- 
toms of organic disease, and did not exclude other causes of 
inflammation by fecal or blood analysis. Whereas Gori et al 
and Hestvik et al used a calprotectin enzyme-linked immuno- 
sorbent assay with a normal reference value of 50 |J,g/g,^ we 
used a quantitative point-of-care test (Buhlmaim Laboratories 
AG); a recent study comparing this test with the more widely 
used enzyme-linked immunosorbent assay recommended a 
normal reference value of 200 jlg/g in children, regardless 
of age.'" " Even though our method is not standardized, the 
negative value for fecal calprotectin in the control group and 
its comparability with that found in HIV-infected patients 
reinforces our results. 

Several studies suggest that abnormal immune activation 
as one of the principal factors associated with progression 
of HIV disease. Persistent inflammation and immune acti- 
vation in spite of suppressive HAART have been proposed 
to be the most important factors preventing the restoration 
of normal health in HIV-infected individuals.^' Many have 
speculated that chronic activation results from a damaged 
bowel mucosal barrier and stimulation of immune cells 
by microbial products. We did not confirm a rise in fecal 
calprotectin in our HIV-infected patients, either naive or 
on HAART, and did not find direct sonographic signs of 
mucosal inflammation in the gut. However, this study has 
two major weaknesses, ie, a limited sample size, which may 
have limited its statistical power, and lack of inclusion of 
an invasive method for direct assessment of the mucosa. 
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Therefore, further studies are required to confirm the resuhs 
of our present study. 

Despite the absence of indirect signs of gastrointestinal 
mucosal inflammation and the normal appearance of the 
small bowel, colon, and appendix, we found enlarged lymph 
nodes in 23% of our patients. Lymph node enlargement 
correlated with a higher HIV load and a lower CD4+ T-cell 
percentage, but not with fecal calprotectin. These findings 
suggest that the gastrointestinal tract is not only involved in 
HIV enteropathy, but may also be a reservoir of HIV despite 
HAART, and that mesenteric lymph nodes may be primarily 
involved in this process. 

HAART is currently the only therapeutic option available 
for HIV-infected individuals. Unfortunately HAART is not 
completely successful because the viral load rebounds to 
pretreatment levels when treatment is stopped.'* Palmer et al 
suggested ongoing viral replication in patients with HAART- 
controlled viremia.^'* Therefore, HIV may persist in viral 
reservoirs during therapy, and there might be specific cell 
types that allow its replication during HAART.^ Eradicating 
viral reservoirs is the only way to achieve a complete resolu- 
tion of HIV- 1 infection. 

Two studies in simian immunodeficiency virus-infected 
rhesus monkeys have demonstrated that lymphatic tis- 
sues act as the anatomic compartment for active viral 
replication during antiretroviral therapy. In 2008, Esta- 
quier et al'^ reported a study comparing immunologic 
and virologic parameters in lymphoid and nonlymphoid 
organ tissues in both controlled and uncontrolled simian 
immunodeficiency virus-infected monkeys. According to 
this study, the virus was predominantly localized in the 
lymphatic tissues and, considering in particular animals 
with HIV viral load below 37 copies per mL, in the mes- 
enteric ganglia. Hoorike et al" found higher levels of viral 
RNA in both the superior and inferior mesenteric lymph 
nodes in animals on HAART. '^ '^ Neither of these studies 
reported lymph node size. 

Given that an anatomic study in humans is not ethically 
possible, the only way to analyze human lymph nodes is 
to evaluate their structure and size by imaging procedures. 
We found the presence of enlarged lymph nodes in 23% of 
patients, which correlated with HIV-RNA and CD4+ T-cell 
percentage but not with mucosal inflammation. Although 
this finding was nonspecific and inconclusive, and must be 
confirmed in a larger series of patients, it could serve as a hint 
for fiirther prospective studies assessing whether variation 
in lymph node size associated with an increase or decrease 
in HIV viral load has some prognostic value. 



In conclusion, asymptomatic HIV-infected children in 
this study did not have significant biochemical or ultrasono- 
graphic signs of bowel inflammation. However, some had 
enlarged mesenteric lymph nodes, which were correlated 
with uncontrolled HIV infection. Whether this finding is a 
sign of a reservoir of HIV despite active antiretroviral therapy 
and has any prognostic value should be confirmed in larger 
prospective studies. 
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